patients. One could speculate that an increased oxidative stress may be a factor contributing to the high Background. The incidence of premature cardiovascular disease is high in patients with chronic renal prevalence of cardiovascular disease documented in malnourished CRF patients. failure (CRF ). Free-radical-induced tissue damage is thought to play a major role in the pathogenesis of atherosclerosis and several reports indicate increased Key words: oxidative stress; phospholipid plasmalogoxidative stress in patients with CRF. However, the ens; malnutrition; chronic renal failure; dialysis cause of such stress in CRF is not exactly known. treatment Plasmalogens, a group of phospholipids with a vinyl ether bond in the sn-1 position, are supposed to be sensitive markers of oxidative stress.
treatment. Patients >70 years of age were excluded. Part of reported higher plasma levels of lipoprotein(a) in malnthis patient material has recently been described [7] . The ourished patients with CRF and this could be a factor clearance of creatinine at the time of examination was contributing to the higher prevalence of cardiovascular 9±1 ml/min (range 2-19 ml/min). The mean age of the mortality in malnourished patients. However, it seems subjects was 51±2 years (range 23-69 years) and the body reasonable to speculate that other features of a poor mass index (BMI ), defined as the weight in kilograms, nutritional status could also contribute to an increased divided by the square of the height in meters, was prevalence of cardiovascular disease in malnourished 24 .5±0.5 kg/m2 (range 14.3-41.3 kg/m2). The cause of CRF CRF patients. was diabetic nephropathy in 31 patients (30%), chronic Oxidative stress, which occurs when there is excessive glomerulonephritis in 37 (35%), polycystic kidney disease in free-radical production or low antioxidant levels, has 12 (12%), interstitial nephritis in 5 (5%), nephrosclerosis in emerged as an important co-factor for the development 3 patients (3%) and other aetiologies in 16 patients (15%). of endothelial dysfunction and atherogenesis [11] . Free Most patients were on antihypertensive medications (betablockers, calcium channel blockers, furosemide and ACEradicals accelerate the development of atherosclerosis inhibitors) as well as other commonly used drugs in terminal by generating oxidized low-density lipoprotein (LDL) CRF such as phosphate and potassium-binders, as well as which, by various mechanisms, damages the vascular vitamin B-, C-and D-supplementation. Two of the patients wall and causes atherosclerotic lesions [12] . There are were on HMG-CoA-reductase inhibitors. In the crossmuch recent data supporting the hypothesis that sectional study, blood lipid parameters, plasmalogens increased oxidative stress is present in haemodialysis (DMA16/C516 and DMA 18/C1850), vitamin E, HbA1c [13] [14] [15] [16] [17] , peritoneal dialysis [16, 18, 19] , as well as pre-and body composition were studied. All blood samples were dialysis [20] patients with CRF. The cause(s) of drawn in the morning after an overnight fast. The patient increased oxidative stress in patients with CRF is not group was compared to 29 healthy subjects (14 males) well understood, although low levels of antioxidants, matched for age (47±2 years) in whom blood lipids and such as selenium, vitamin C and glutathione peroxid-plasmalogens were analysed. ase, have been reported [15, 19] . Moreover, a large
In the prospective part of the study, 38 patients were proportion of patients with CRF have diabetes mel-re-evaluated following 12 months of dialysis treatment.
Twenty-five of the patients (mean age 52±2 years; 14 males) litus, a condition in which antioxidant defences are started peritoneal dialysis (PD). Twenty-three of the patients known to be compromised [21] .
were initially treated with continuous ambulatory PD In search of potential substances with antioxidant (CAPD), whereas two of the patients were initially treated properties we have become interested in a phospholipid with automated PD (APD) using a cycler. The prescribed subgroup, plasmalogen. The presence of a vinyl ether dialysate volumes were individualized and two more patients bond in the sn-1 position in plasmalogen phospholipids were switched to APD during the 12-month period. Thirteen is thought to protect animal cell membranes from patients (mean age 54±3 years; 8 males) started haemodiaoxidative stress [22, 23] . This class of phospholipids lysis (HD) treatment. Routine bicarbonate HD was carried has also been shown to enhance the oxidative resistance out three times a week (4-5 h per session), using a standard of low density lipoprotein particles and thereby protect cellulose-acetate membrane. Dietary recommendations were them against oxidative stress [24] . Furthermore, lipid given routinely to maintain a daily protein intake exceeding peroxidation reduced plasmalogen levels in Jurkat cells, 1.0 g/kg body weight in both groups of dialysis patients. while addition of antioxidant restored the plasmalogen Protein intake was monitored by urea kinetics, but energy intake was not routinely monitored. In addition to the levels [25] . Taken together, these findings indicate that baseline studies described above, fasting blood samples for plasmalogens may be suitable markers for demonblood lipid parameters, HbA1c, vitamin E and plasmalogens strating oxidative stress in vivo. Markedly lower were drawn in the morning and repeated measurements of plasmalogen phospholipids has previously been found body composition, weight and length were performed about in alcoholics (our unpublished results) and in patients 12 months after the patients had started dialysis treatment.
with cerebrovascular disease [26 ] whereas, to the best The study protocol was approved by the Ethics Committee of our knowledge, no clinical data are yet available on of Karolinska Institute at Huddinge University Hospital, plasmalogen phospholipid levels in patients with CRF. Stockholm, and informed consent was obtained from each
The aims of the present work were, first, to study if patient. the relative plasmalogen levels in erythrocyte membranes are decreased in predialysis CRF patients, sug-Analyses of blood lipids and vitamin E gesting an increased oxidative stress. Secondly, we wanted to investigate whether malnourished CRF The levels of serum cholesterol and triglycerides were anapatients show more signs of an oxidative stress than lysed by standard enzymatic procedures (Boehringer well-nourished CRF patients. Finally, in a prospective Mannheim, Mannheim, Germany). HDL cholesterol levels part of the study, we investigated whether 12 months were determined after precipitation of apo B-containing lipoproteins by phosphotungstic acid [27] . LDL-cholesterol of dialysis treatment influenced the oxidative stress, as was calculated according to Friedewald's formula [28] . estimated by changes in the relative erythrocyte Vitamin E was determined by high-performance liquid chroplasmalogen levels.
matography [29] .
Material and methods

Analysis of phospholipid plasmalogens
Blood was drawn into tubes containing EDTA. Erythrocytes In this cross-sectional study, we studied 105 patients (61 males and 44 females) with CRF prior to the start of dialysis were separated from plasma by centrifugation and immediately frozen and stored at −70°C or analysed immediately. Results
Plasmalogens were analysed essentially as described by Bjö rkhem et al. (30) . To 0.25 g erythrocytes, 0.5 ml of water The patient material was divided into two groups, and 0.15 ml of 5M hydrogen chloride were added. The CRF patients with and those without diabetes mellitus. mixture was extracted twice with 5 ml of chloroformAs shown in Table 1 , markedly lower (P<0.001) erythmethanol 70530 (v/v). The chloroform phases were pooled, rocyte plasmalogen (DMA 16/C1650 and DMA washed with 9% sodium chloride and evaporated under a stream of nitrogen. The residue was dissolved in 0.5 ml 18/C1850) ratios were observed in the both nonchloroform-methanol 70530 (v/v). Dimethyl acetals and fatty diabetic and diabetic patients with CRF than in the acid methyl esters were prepared by adding 0.2 ml of sodium age-matched healthy controls. Diabetic CRF patients methylate to 0.1 ml of the lipid extract and heating the had a significantly lower erythrocyte DMA 16/C1650 mixture to 56°C for 15 min. This was followed by addition ratio than non-diabetic CRF patients. Also the vitamin of 0.2 ml of methanol hydrogen chloride and the mixture E/cholesterol ratio was significantly lower (5.5±0.3 vs was heated to 56°C for another 15 min. The samples were 6.2±0.2; P<0.05) in diabetic patients with CRF than then diluted by adding 1 ml of distilled water, and extracted in non-diabetic CRF patients. Both non-diabetic and three times with 2 ml of hexane. The hexane phases from diabetic patients had elevated triglyceride levels and each sample were pooled and the solvent was evaporated by a stream of nitrogen. The residue was dissolved in 0.2 ml of lower HDL cholesterol levels than age-matched healthy hexane and subjected to gas-liquid chromatography.
control subjects, whereas the diabetic patients also had Capillary gas-liquid chromatography was performed using elevated total cholesterol and LDL cholesterol levels. a HP 5890 (Hewlett-Packard Co., Palo Alto, CA) gas Significantly higher total cholesterol, LDL cholesterol chromatograph equipped with a split injector and a flame and triglyceride levels were seen in the diabetic patients ionization detector. The column used was a 15 m×0.32 mm than in non-diabetic patients with CRF. Weak, but Integration of the peaks was done with a Hewlett-Packard 3396A Integrator. The relative plasmalogen levels were calcu-P<0.05), body fat mass (R=−0.22; P<0.05) and lated from the peak ratios of 1650 dimethylacetal (DMA) HbA1c (R=−0.24; P<0.05), respectively, whereas no to methyl palmitate and 1850 dimethylacetal to methyl significant correlations between the erythrocyte DMA stearate. The precision of the assay was estimated from five 18/C1850 ratio and any measured parameter were seen. replicate measurements of one blood sample. The interassay Age was not related to either the erythrocyte DMA coefficients of variation were 4% and 5% for DMA 16/C1650 or DMA 18/C1850 ratio.
1650/C1650 and DMA 1850/C1850, respectively.
The patient material was also divided into two groups, based on the nutritional assessment by SGA ( malnutrition (SGA 4). As seen in Table 2 , the mean SGA includes six subjective assessments, three based on the patient's history of weight loss, incidence of anorexia and age of the patients in the malnourished group (SGA incidence of vomiting and three based on the subjective 2-4) was significantly higher (57±2 vs 47±2 years; grading of muscle wasting, presence of oedema and loss of P<0.0001) than in the SGA 1-group. The prevalence subcutaneous fat. Based on these assessments, each patient of diabetes mellitus was not significantly different was given a score which reflected the nutritional status as between the two groups of patients ( Table 2) whereas follows: 1, normal nutritional status; 2, mild malnutrition; 3, the prevalence current and former smokers were higher moderate malnutrition; and 4, severe malnutrition. in the malnourished patient group. Malnourished The results of the prospective part of the study are indicate a significant difference. The Mann-Whitney U-test given in Table 3 . Twelve months of PD treatment in was used to compare differences between the groups, whereas 25 patients were associated with significant increases the Wilcoxon test was used to test differences over time.
in BMI, total cholesterol and triglyceride levels, Comparisons between two groups for nominal variables were respectively, but no significant changes in either HDL made by Fishers exact test. Correlations were performed by linear regression analysis.
or LDL cholesterol levels were observed. HbA1c levels Figure 1 . from 0.065±0.004 to 0.078±0.005 was noted following 12 months of CAPD, but the vitamin E/cholesterol and erythrocyte DMA 18/C1850 ratios did not change Discussion significantly. In 13 patients who completed 12 months of HD treatment, total cholesterol and HDL cholesterol levels increased significantly, whereas no signific-The present study shows that predialysis CRF patients, with or without diabetes mellitus, have significantly ant changes were observed in BMI, triglycerides, LDL cholesterol levels or the ratio between vitamin E and lower relative plasmalogen levels in erythrocyte membranes. This indicates that such patients are exposed cholesterol. Following 12 months of HD, the relative plasmalogen levels (DMA 1650/C1650 and DMA to more oxidative stress. Indeed, several strands of evidence suggest that oxidative processes may be 1850/C1850) increased significantly from 0.059±0.004 to 0.078±0.004 (P<0.05) and from 0.145±0.007 to increased in patients with CRF. Products of lipid peroxidation such as malondialdehyde (MDA), con-0.170±0.009 (P<0.05), respectively. In the combined patient group (n=38), 12 months of dialysis treatment jugated diene fatty acids and thiobarbituric acidreactive substances ( TBARS), have been shown to be was associated with significant increases in both the erythrocyte DMA16/C1650 (0.063±0.003 to 0.078± increased in the plasma of predialysis and dialysis patients [15, 17, 18, 33, 34] . In addition, antioxidants ficantly suggesting that the uraemic syndrome per se is accompanied by an increased oxidative stress partly including vitamin C, selenium, vitamin E and glutathione peroxidase in erythrocytes have been shown to ameliorated by dialysis treatment. Our present results confirm those of Lucchi et al. [20] who demonstrated be decreased in patients with CRF [15, 16, 18, 19, [34] [35] [36] . Furthermore, Maggi et al. [14] have demonstrated an an increased oxidative stress in predialysis patients while HD patients had values similar to the control enhanced LDL oxidation in uraemia and the presence of autoantibodies against oxidatively-modified LDL in group. In contrast, Loughrey et al. [15] reported that the oxidative stress is further exacerbated by HD CRF patients undergoing dialysis [13] . It can be speculated that enhanced LDL oxidation as observed in treatment and Jackson et al. [39] found that the total antioxidant capacity was reduced by a single episode patients with CRF, may contribute to endothelial dysfunction and accelerated atherosclerosis. In most of HD. Moreover, Ceballos-Picot et al. [36 ] , in a large number of patients, reported that disturbances in antiprevious studies, where an increase in lipid peroxidation in CRF patients has been reported, the authors oxidant systems are aggravated by dialysis treatment.
The reasons for the contradictory findings in the have used TBARS and/or MDA to estimate the degree of lipid peroxidation [15, 18, 19, 34, 37] . However, these literature regarding the potential effect of dialysis treatment on oxidative status are not evident. However, methods for evaluation of lipid peroxidation have been criticized. MDA is readily metabolized in plasma, is differences in study design, the number of patients studied and different methods used to assess oxidative volatile and it can also be formed by enzymatic processes. The TBARS test is not specific and many stress may be of importance. Whereas Loughrey et al.
[15] used a cross-sectional study design, a more powersubstances such as amino acids, prostaglandins, haemoglobin and urea may interfere in the assay [38] . In ful prospective study design was used in the present study. the present study, plasmalogen phospholipids were used to estimate oxidative stress. Previous experiments
In the cross-sectional part of our study we observed that malnourished predialysis patients had significantly with cells in culture [25] and our observation that alcohol abusers have significantly lower plasmalogen lower relative plasmalogen levels than well-nourished predialysis patients. This novel finding implies that levels than healthy controls (unpublished observation) indicate that low plasmalogen levels may relate to malnutrition is associated with an augmented oxidative stress and could, at least partly, explain why cardiovasoxidative stress also in vivo.
It was demonstrated in the present study that cular disease is more prevalent among malnourished CRF patients. However, several confounding factors patients with CRF who had completed 12 months of HD or PD treatment had lower relative plasmalogen have to be taken into account. First, the number of patients with diabetes mellitus, a disorder with a doculevels than controls which suggests that dialysis patients are exposed to an augmented oxidative stress. mented increase in oxidative stress [21] , was higher, although not significantly, in the malnourished group We also found that 12 months of dialysis treatment increased the erythrocyte DMA 16/C1650 ratio signi-of predialysis patients. Secondly, the malnourished CAPD-treated elderly CRF patients than in 30 elderly non-CRF patients. However, biological nutritional markers were similar in both groups and were within normal ranges. The causes of increased oxidative stress in malnutrition are not well understood. A possible mechanism, recently proposed by Bergströ m and Lindholm [43] , by which malnutrition could lead to cardiovascular disease, is depletion of the carnosine precursor histidine, which has been documented in malnourished CRF patients [6 ] . One might speculate that depletion of carnosine, which has been reported to be a major scavenger of reactive oxygen species [44, 45] , might reduce the intracellular capacity for scavenging of free radicals, which might thus increase the risk of cardiovascular disease.
In conclusion, the present results suggest that predialysis patients are exposed to an augmented oxidative stress which is partially normalized by 12 months of dialysis treatment. The present study also found lower relative plasmalogen levels in malnourished predialysis patients, and it could be speculated that an increased oxidative stress may contribute to the high prevalence of cardiovascular disease observed in malnourished patients with CRF. ive stress [41] . Finally, it is also possible that increased Rousselot et al. [19] reported more oxidative stress in
